Para verificar a existência de reação cruzada entre leishmaniose visceral, erliquiose e babesiose, nos testes sorológicos utilizados em programas de controle da leishmaniose visceral humana, amostras de soro canino provenientes de áreas endêmicas e não endêmicas para essa enfermidade, foram testadas pela Reação de Imunofluorescência (RIFI) e Ensaio imunoenzimático (ELISA). Todos os soros provenientes de área endêmica foram positivos para Leishmania sp pelo ELISA e RIFI, 51% para Babesia canis e 43% para Ehrlichia canis pela RIFI. Pela RIFI, nenhum dos soros provenientes de área não endêmica foi positivo para Leishmania sp, sendo 67% positivos para B. canis e 78% para E. canis pelo mesmo teste. Quando testados pelo ELISA para Leishmania sp., quatro soros da área não endêmica foram positivos. Os cães foram localizados e nenhum sinal clínico, parasito ou anticorpo foi detectado em novos exames realizados ao longo de seis meses. Os resultados desse trabalho sugerem portanto, a presença de uma co-infecção entre os três parasitos citados nas áre-as endêmicas e não a reação cruzada entre eles, nos testes sorológicos de RIFI e ELISA descritos. To verify the presence of cross-reaction among leishmaniosis, ehrlichiosis and babesiosis in serological diagnostics used in human visceral leishmaniasis control programs, serum samples from leishmaniasis endemic and non-endemic areas were collected and tested by Indirect Fluorescent Antibody (IFAT) and Enzyme-linked immunosorbent assay (ELISA). All serum samples from endemic areas were positive for Leishmania sp., by ELISA and IFAT, 51% positive for Babesia canis and 43% for Ehrlichia canis by IFAT. None of the serum samples from non-endemic areas were positive for Leishmania sp., by IFAT, but 67% were positive for B. canis and 78% for E. canis using the same test. When tested by ELISA for Leishmania sp., four samples from non-endemic area were positive. These dogs were then located and no clinical signs, parasites or antibody was detected in new tests for a six month period. Only one of these 4 samples was positive for B. canis by IFAT and ELISA and three for E. canis by IFAT. The results of the work suggest a co-infection in the endemic area and no serological cross-reaction among these parasites by IFAT and ELISA.
INTRODUCTION
Visceral leishmaniasis is a very important zoonotic disease in South America, mainly in Brazil, where it is caused by Leishmania (Leishmania) chagasi and its vector is Lutzomyia longipalpis sand flies (ARIAS, 1996) . Although described as a savage disease, currently the incidence of visceral leishmaniasis in Brazil has increased in urban areas (SANTA ROSA; OLIVEIRA, 1997) . In the past ten years, Brazil had a mean of 3.156 human cases/year, with an incidence of two cases/100.000 habitants (BRASIL, 2006) . Domestic dogs (Canis familiaris) are reservoir hosts of zoonotic visceral leishmaniasis, and control of canine leishmaniasis is imperative to reduce the amount of parasites available to sand flies, therefore reducing the human incidence of the disease. Despite evidence from experimental studies showing a decreased incidence of visceral leishmaniasis in both dogs and children following serological screening of dogs and killing of sero-positive animals, the efficiency and acceptability of this control strategy is increasingly being debated. Treating infected dogs is not an effective control strategy as relapses are frequent and dogs regain infectivity weeks after treatment, despite being clinically cured (CHAPPUIS et al., 2007) . In Brazil, dog treatment is not recommended, since it can reduce clinical signs, but not the sand fly infection (BRASIL, 2006) .
As a result, many serological tests were developed to diagnose canine visceral leishmaniasis. Serological tests are very sensitive and specific, but these tests are generally limited by antibody detection limits and cross-reactivity (FERRER et al., 1995) . Indirect fluorescent antibody test (IFAT) has been the most common serological test used for the diagnosis of leishmaniasis, but it is not readily adaptable for large scale seroepidemiological studies. Conversely, enzyme-linked immunosorbent assay (ELISA) has been proven to be at least as sensitive and specific as immunofluorescence and is suitable for large-scale studies (BARBOSA de DEUS et al., 2002) .
Ehrlichiosis and Babesiosis are tick-borne diseases, which are very common in Brazil. Babesiosis is a hemolytic disease caused by intraerythrocitic parasites, Babesia canis (LOBETTI, 1998) and Ehrlichia canis is an obligate intracytoplasmatic rickettsia that replicates in the lymph nodes inside mononuclear macrophages, such as Leishmania (Leishmania) infantum (GUILLÉN LLERA et al., 2002) . Recently, the Rhipicephalus sanguineus tick, the vector of these two parasites, was experimentally pointed out as being a feasible source of L. chagasi infection in dogs (COUTINHO et al., 2005) .
Clinical and hematological signs of these three diseases are similar, and serology could be essential for differential diagnosis. Some researches have reported that antibodies against E. canis and B. canis are cross-reactive to Leishmania sp. in common serological tests used to detect dogs infected by Leishmania sp. (MANCIANTI et al., 1996; GOMES; COR-DEIRO, 2004) . To try to elucidate this question, this work studied a possible serological cross-reaction between antibodies against these three parasites, in the serological tests used in leishmaniasis control programs in Brazil.
MATERIAL AND METHODS
Leishmania sp. maintenance: A Leishmania sp. strain isolated in Araçatuba, São Paulo, Brazil, characterized as complex Donovani, probably L. chagasi, using molecular techniques described by Cortes et al. (2004) , was used in this study. The parasites were maintained on a RPMI-1640 medium at 25 o C and were used to prepare the crude antigens for IFAT and ELISA.
Serum samples: Positive Babesia canis reference sera (n=2) were obtained from dogs experimentally infected with B. canis vogeli (FURUTA, 2004) and E. canis reference sera (n=8) were obtained from dogs experimentally infected by E. canis (CASTRO et al., 2004) . Before experimental infection, these dogs were tested for toxoplasmosis, neosporosis, brucellosis, leptospirosis, babesiosis and ehrlichiosis, being negative for all the diseases cited. In this work, they were tested for leishmaniasis.
The positive Leishmania sp. reference group (n=62) were from Belo Horizonte, Minas Gerais, Brazil.
Serum samples used as negative reference for the three groups (n=15) were obtained from puppies, in the city of Jaboticabal, São Paulo, Brazil, a non-endemic area for leishmaniasis. The 260 sera used to investigate the existence of leishmaniasis and cross-reactivity among antibodies against leishmaniasis, babesiosis and ehrlichiosis, were obtained from dogs at a rabies vaccination campaign in Jaboticabal, São Paulo, Brazil.
Indirect Immunofluorescent Antibody Test procedure (IFAT) for Leishmania sp.: For antigen preparation, promastigotes of Leishmania sp. were washed tree times in PBS with 1% BSA and resuspended in PBS-buffered formalin for 30 minutes. The parasites were washed three times again in PBS 1% BSA, and the pellet was resuspended in PBS so that 10 μl yielded 20 to 25 parasites per microscope field (400X). Slides with twelve previously marked circles were supplied with 10 μl for each circle and then frozen at -20 o C until use. Slides with promastigotes forms of the parasite were stabilized at room temperature for the IFAT procedure. Doubling serum dilutions were used, starting at 1:40. The samples were placed over the antigen in the slides and incubated in a moist chamber at 37 o C for 30 minutes. The slides were washed three times in PBS, and incubated with anti-dog IgG serum conjugated for fluorescein isothiocyanate (KPL, USA) diluted at 1:30 in PBS containing 1mg% of Evan´s Blue. Slides were washed again in PBS, covered with buffered glycerin and a cover slip, and then examined on a fluorescent microscope. In all the experiments, reference sera were included as negative and positive controls. For positive serum samples, parasites displayed a bright-green peripheral stain with a dull fluorescence of the cytoplasm and were considered positive serum samples positive at 1:40 or more.
IFAT for Babesia canis and Ehrlichia canis: The IFAT for B. canis was described by Furuta (2004) , and serum samples were considered positive at 1:40 or more. The IFAT for E. canis was described by the manufacturer of the Kit (VMRD, Inc., USA) and serum samples were considered positive diluted at 1:20. ELISA procedure: The ELISA method used was essentially described by Machado et al. (1997) for B. bovis, with modifications. Briefly, 100 mL of crude Leishmania sp. antigen diluted in a sodium bicarbonate-carbonated 0.05M buffer (pH 9.6) was added per well to an ELISA plate (Nunclon TM surface; Nunc, Denmark) and 5mg mL protein concentration was used. After overnight incubation at 4 o C, plates were washed three times with PBS Tween-20 at 0.05%. The plates were blocked with 200 mL containing 6% skim milk for 2 hours at 37 o C, to reduce non-specific binding. The blocking agent was removed, and individual dog serum diluted (1:400) in PBS Tween-20 with 5% skim milk added to each well and then incubated for 90 minutes at 37 o C, and washed as described above. One hundred mL of alkaline phosphatase conjugated anti-dog IgG (Sigma Chemical Co) diluted at 1: 4.000 in PBS Tween-20 with 5% normal rabbit serum was added to each well and then incubated for 90 minutes at 37 o C. The plates were washed and the substrate (p-nitrophenyl phosphate) diluted in dietanolamine buffer, pH 9.8, was added. Absorbance at 405 nm was read after 45 minutes incubation at room temperature using an ELISA reader (Dynex Technologies, USA).
Optimal dilutions of antigen and positive and negative sera were determined by checkboard titrations (MACHADO et al., 1997) . The immunological reactivity of each serum was calculated using the following equation: S/P values were grouped into ELISA levels (EL), which ranged from 0 (lowest level) to 9 (highest level), as described by Machado et al. (1997) . The discriminating absorbance value (cut-off) was determined as being two and a half times the mean absorbance value of the negative group, where readings above the cut-off value were considered positive.
RESULTS
The average absorbance of negative sera in ELISA, was 0.120 ± 0.008, resulting in a cut-off value of 0.302 (EL=3). The mean absorbance value of the anti-Leishmania sp positive serum group (2.270 ± 0.428) was approximately 22 times greater than the one obtained with negative reference samples, clearly discriminating between the mean absorbances of the negative and positive reference sera. This data gave a sensitivity and specificity of 100% in the ELISA test described in this work. All serum samples from Belo Horizonte, Minas Gerais, Brazil (positive reference samples) were positive for Leishmania sp. in IFAT. The titers in the IFAT from the 62 positive samples ranged from 1:80 to 1:5.120 and the ELISA levels (EL) from these serum samples were concentrated in 6, 7, 8 and 9 (Figure 1 ). In the same group, 51% of sera samples were positive for B. canis and 43% for E. canis by IFAT.
Positive reference sera for E. canis and B. canis were negative for Leishmania sp. by IFAT and ELISA.
By IFAT, none of the 260 canine serum samples from Jaboticabal, were positive for Leishmania sp., but 67% (n=176) were positive for B. canis and 78% (n=204) for E. canis. When tested by ELISA, four of the 260 Jaboticabal sera samples were positive for Leishmania sp., in EL nearly to the cut-off point of the test (Figure 1 ). These dogs were localized, and bone marrow and lymph nodes were collected for direct detection of the parasite. No clinical signs, parasite or antibodies were detected in new exams carried out on these dogs over a six month period. Only a sample of these four Leishmania sp. positive in ELISA was positive for B. canis by IFAT and three for E. canis by IFAT.
DISCUSSION
Serological results obtained by the samples from Jaboticabal were expected, since the city is endemic for canine ehrlichiosis and babesiosis, but not for leishmaniasis (FURUTA, 2004; NAKAGHI et al., 2004) .
Some researches have related a low specificity in serological tests done with crude antigens, especially the ELISA test (CARVALHO et al., 2002; SALOTRA, 2002) , but this work had a fine distinction between negative and positive serum samples tested by the Leishmania sp. ELISA standardized. According to Sundar and Rai (2002) , antigenic preparations deriving from a cell culture free of cell or protein contaminants, like the culture used in this work, increases specificity of the immunoenzymatic assays.
Due to the fact that there are a large number of somatic antigens described and an unknown number of surface proteins in the crude preparations of Leishmania sp., and as these Mean sample absorbance -Mean absorbance of negative serum reference Mean absorbance of positive -Mean absorbance of negative serum reference serum reference S/P= antigens are heterogeneous, the cross reaction with other parasite antigens was suggested (BARBOSA de DEUS et al., 2002 Jaboticabal is until now considered non-endemic for visceral leishmaniasis. Though, the study of cross-reaction between E. canis and B. canis with visceral leishmaniasis became more feasibility, since antibodies against Leishmania sp. in dogs from Jaboticabal are not expected. The four dogs, with reaction to Leishmania sp. in the first ELISA in EL nearly to the cut-off point, which suggests a repetition of the test and the performance of other tests to confirm positivity, were retested by the same assay and IFAT, turning out to be negative. None of these dogs had clinical signs or positive parasitological isolation.
Belo Horizonte is an endemic area for the three related diseases (RIBEIRO et al., 1990; SILVA et al., 2001; MOREIRA et al., 2002) and we observed 51% (n=32) positive serum for B. canis and 43% (n=27) positive samples for E. canis in the 62 Leishmania sp. positive reference sera. In conclusion, the results observed showed the presence of antibodies against the three diseases in the same dogs and no serological cross-reaction among these parasites antibodies.
